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Key messages 
n Kenya’s dairy processers are increasingly paying 
attention to energy efficiency in their operations. 
This is driven by a squeeze on profit margins due to 
falling international milk prices and high domestic 
production costs, and energy efficiency 
requirements of newly enforced regulations on large 
energy consuming facilities.  
n In processing plants, there is significant potential to 
reduce consumption of electricity, as well as diesel 
and oil used in steam generation. Reduced use of 
water and cleaning chemicals, and lower milk 
losses, can further contribute to cost savings.  
n Cost-effective options for reducing energy use in 
Kenya’s 597 cooling centres and satellite coolers 
requires further investigation. 
n Because energy efficiency is a releatively new field, 
dairy processing companies and banks are wary of 
investing. Provision of technical assistance to both 
processors and banks and concessional credit lines 
could help both dairy processors and banks to invest 
in the significant energy conservation opportunities 
available. 
Globally, the agri-food sector emits about 10 Gt CO2e of 
greenhouse gas (GHG) emissions, of which about 35% is 
due to emissions in post-farm gate stages, such as food 
processing, transport, and retail (Sims et al. 2015). Energy 
demand grows along with increasing food demand, and as 
sectors develop, energy intensity often increases.  
Processing of dairy products is an energy-intensive 
process (Text Box 1). Consistent quality requires 
continuous, temperature-controlled handling of 
temperature sensitive milk products from farm, through 
cooling centres and processing plants to the point of 
consumption. Energy is also used in heating for processing 
as well as cleaning in collection centers and processing 
plants.  
Text Box 1: Energy needs in Kenya’s dairy sector 
Milk is sent by producers to milk collection stations from 
where it is taken to one of the almost 600 cooling centres, 
where it is chilled to 4-7ºC. The cooling centres mostly use 
electrical energy for running bulk milk coolers and heating 
cleaning detergents. Most of this electrical energy is from 
the national grid and/or from a standby diesel generator. 
After cooling, the milk is loaded into specialized trucks for 
transfer to one of Kenya’s 32 processing plants, where 
energy use per litre is significantly higher than in cooling 
centres. In the processing plant, milk is pasteurized by 
applying heat, separated and homogenized. Where Ultra 
High Temperature (UHT) techniques are used, the milk is 
further heated before packaging. All these processes 
require energy. Ammonia compressors, air compressors 
and homogenizers are often the biggest single users of 
energy within a processing plant. Most energy used is from 
the national grid, but standby diesel generators are 
ubiquitous. In addition, furnace oil is used for firing steam 
boilers that generate steam for milk processing and 
heating. Diesel and motor oil are also used, and some 
small processing plants use wood-fired boilers.  
Kenya’s dairy processors handle about 600 million litres of 
milk per year. The high cost of production is one constraint 
affecting the competitiveness of Kenya’s dairy industry. 
Water and energy costs amount to about KSh 2 (US$ 0.02) 
per liter of milk procured, compared to a milk procurement 
price of about KSh 30 (US$ 0.30). These costs vary 
depending on the different types of dairy products 
produced and thus the specific treatments applied to milk, 
as well as factors such as the technology used, the 
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efficiency of machinery, and the presence or absence of 
leakages and other breakdowns. 
Manufacturing facilities that consume more than 180,000 
kWh of electricity per year are regulated under Kenya’s En-
ergy Act (2006) and Energy (Energy Management) Regu-
lations (2012). These regulations oblige the owner to con-
duct energy audits every three years and to implement im-
provements in order to conserve energy. Dairy processors 
in Kenya are coming to grips with these obligations, devel-
oping their internal capacities for energy auditing and ex-
ploring options for investments to improve energy effi-
ciency and deploy renewable energy sources. 
Kenya’s dairy processors are beginning 
to undertake energy audits and explore 
energy efficiency investments 
An assessment, supported by CCAFS and conducted as 
part of the preparation of a low-emission, climate resilient 
dairy development project in Kenya, examined energy use 
and abatement opportunities in three milk processing 
plants and five cooling centres. The findings demonstrate 
significant opportunities for improving energy efficiency, 
but also highlight some constraints.  
In each of the processing plants assessed, a number of 
retrofit measures were identified, including: 
• Repairs to leakages in air compressors; 
• Upgrading air compressor and boiler equipment to 
more efficient technologies; 
• Repairing steam leaks; 
• Insulation of steam and refrigeration piping and boilers; 
• Retrofit of chilling and processing equipment to more 
efficient technologies; 
• Retrofit of lamps and lighting systems with LED; 
• Upgrade of the connected power supply; and 
• Installing water and power control systems and fittings. 
The assessments identified significant potential reductions 
in consumption of electricity as well as diesel and oil used 
in steam generation. Energy consumption abatement po-
tential in the three plants assessed was between 25% - 
40% of total energy demand in each plant. Because of cost 
savings in terms of electricity, water and cleaning chemical 
use, as well as reductions in milk losses, the retrofit 
measures identified in each plant were highly profitable, 
with short payback periods of between 3 months and 3 
years. Cost per tCO2e abated in these three plants varied 
between $9.28 and $118 per tCO2e. This is largely deter-
mined by the energy mix used in each plant’s operations 
and the potential for abatement of energy use of different 
types. 
Investments in energy efficiency would 
reduce electricity and diesel 
consumption, while also reducing water 
consumption and avoiding milk losses 
In the five cooling centres assessed, retrofit options identi-
fied included: (i) replacing electric milk chilling plants with 
solar milk chilling plants, (ii) replacing electric boilers with 
biomass steam boilers, (iii) replacing electric lighting with 
solar lighting, and (iv) installing variable speed drives on 
motors. The financial viability of these measures varied 
considerably depending on the baseline situation of the 
cooling centre: 
• Replacing electric chilling plants with solar chilling 
plants: Baseline annual energy costs of cooling tanks 
ranged between $10,000 and $20,000. At an installa-
tion cost of $200,000 for a solar power system and 3000 
litre cooling tank, the benchmark IRR of 12.5% would 
only be achieved if annual energy cost savings are 
more than $27,650. None of the cooling centres as-
sessed met this criterion. 
• Replacing electric boilers with biomass steam boilers: 
Annual boiler energy costs were between $5,000 and 
$7,500. At an installation cost of $26,540, the invest-
ment would only realize a benchmark IRR of 12.5% if 
the biomass boiler annual operation costs were be-
tween 26% and 50% lower than the baseline energy 
costs. The payback period would be 1-2 years. Biomass 
feedstock prices vary considerably, and it was not pos-
sible to assess how many of the five centres assessed 
met the criteria for investment. 
• Solar lighting systems: Annual lighting energy costs in 
the three of the five cooling centres assessed were less 
than $100 per year, but in two centres were $1120 and 
$70,000. Assuming an installation cost of about 
$72,500, investment in solar lighting systems would be 
viable (i.e. higher than a benchmark IRR of 12.5%) only 
if baseline lighting energy costs are higher than 
$10,000. The payback period would be 8 years. Only 
one of the five centres assessed met this criterion. 
The technical interventions identified were thus only viable 
in some cooling centres. Moreover, long payback periods 
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Table 1: Main findings of processing plant retrofit feasibility and cost benefit analysis assessments 
 Large processing plant Medium processing plant Small processing plant 
Milk processed/yr (L/yr) 43,897,342 9,125,000 3,544,354 
Baseline energy consumption 
MWe / 1000 L milk 
0.15 0.0002 0.0002 
Baseline energy cost $/L milk pro-
cessed 
0.56 0.18 10.50 
Retrofit investment demand (US$) 2,840,000 2,285,000 1,533,000 
Total capacity abatement (MWe) 2.616 0.80 0.16 
Total electricity savings per year 
(GWh) 
1.634 1.17 137.577 
Total diesel savings per year (L) 484,191 331,792 885 
Total water savings (m3/year) 3,890,500 57,129 6908 
Reduction of milk losses (L/year) 131,400 109,500 376 
Overall cost saving / year (US$) 11,626,263 954,630 25,984,700 
Payback period (years) 0.25 2.76 0.6 
tCO2e abatement / yr 1405 966 8257 
Investment cost /lifetime tCO2e 
(US$) 
101 118 9.28 
 
The results of energy audits by Kenya’s 25 dairy proces-
sors are proprietary information and not widely shared. 
Based on our assessments of large, medium and small 
processing plants, together with data on capacity utilization 
and the market share held by each processing plant, a 
rough estimate was made of total demand for retrofit in-
vestments in processing plants in Kenya’s dairy sector (Ta-
ble 2).  
The estimated total investment demand is about US$ 31.5 
million. About half of this total investment would be in 16 
medium-scale plants, and 40% in the four largest pro-
cessing plants. With a large number of small processing 
plants in the country, about 10% of the total retrofit invest-
ment would be below $0.5 million in scale. It is likely that a 
large proportion of these investments would be profitable. 
However, two constraints were identified. Some dairy pro-
cessors indicated their reluctance to invest in technologies 
and products that have not previously been demonstrated 
as viable in the Kenyan context. Furthermore, energy effi-
ciency investments are a new project type for most finan-
cial institutions, which are ill-prepared to assess the asso-
ciated risks.  
Although investments are likely profita-
ble, some dairy processors are reluctant 
to invest in technologies and products 
that had not been previously demon-
strated in Kenya 
In comparison to processing plants, the total energy and 
GHG abatement potential at cooling centre level is more 
limited. With average electricity consumption of 0.2 GWh 
per year, even assuming 75% energy use savings, the total 
abatement potential in Kenya’s 597 cooling centres and 
satellite coolers would be less than 5% of the abatement 
potential in processing plants. However, energy and cost 
savings at cooling centres run by dairy cooperatives could 
potentially make significant contributions to dairy coopera-
tive profitability. The priority at the current stage should be 
to identify financially viable energy saving options at cool-
ing centres. In the meantime, a credit facility targeting cool-
ing centre retrofit projects could support investments by 
targeting projects that can deliver energy consumption sav-
ings exceeding a certain percentage of baseline consump-
tion levels and/or with the projected cost per unit of energy 
consumption abated below a specified threshold. 
 
Table 2: Estimated energy and GHG abatement poten-
tial of retrofit investments in dairy processing plants 
 Estimated total potential 
Number of facilities 32 
Total retrofit investment 
demand 
US$ 31,516,220 
Total electricity savings 
(GWh/yr) 
2224.29 
Total diesel consumption 
savings (liters) 
2,728,569 
Total water savings 
(m3/year) 
14,518,828 
Total CIP chemical sav-
ings (kg/year)  
82,619 
Total reduction in milk 
losses (L/year) 
981,641 
Total GHG abatement 
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Conclusions and way forward 
The results of this assessment demonstrate the significant 
GHG emission reduction potential of financially viable ret-
rofit interventions in dairy processing plants in Kenya. How-
ever, because processing companies have only recently 
begun to undertake energy audits and investigate energy 
efficiency options, companies interviewed perceived signif-
icant risks with such investments. Financial institutions also 
lack experience of financing these types of investment. 
Provision of technical assistance to both processors and 
banks could therefore help overcome these barriers. Dairy 
processors can be supported to conduct energy audits and 
prepare bankable investment proposals, whilst financial in-
stitutions can be supported with technical information on 
investment risks and social and environmental safeguards. 
Concessional credit lines could incentivize both dairy pro-
cessors and banks to invest in the significant energy con-
servation opportunities available. These investments will 
reduce costs, milk losses and waste, and thus enhance the 
competitiveness of the sector. These programmes should 
build on and complement existing programmes providing 
capacity building and financing to the sector. 
The main technical options assessed at cooling centre 
level had very long payback periods, and will not be finan-
cially viable for all cooling centres. Although the total tech-
nical potential for energy and GHG savings at cooling cen-
tres is much smaller than for processing plants, reducing 
consumption of high-emission energy sources in cooling 
centres could make significant contributions to the profita-
bility of the dairy cooperatives and private firms that run 
them. Further research is needed to identify types of cool-
ing centre with high energy emission profiles, and to iden-
tify and test cost-effective energy efficiency technologies. 
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